Hypsometry and Continental Tectonics by Nicholas Pinter
EXERCISE 12
HYPSOMETRY AND
CONTINENTAL TECTONICS
_______________________________________________________________________
Supplies Needed
• calculator
_______________________
PURPOSE
Hypsometry refers to the distribution of land area at different elevations.  You can
see that a high plateau that is cut by a few deep gorges is very different from a drainage
basin with a well-developed dendritic stream network.  Hypsometry provides the tools for
measuring these differences and describing them quantitatively.  The purpose of this
exercise is to use hypsometry to evaluate how continental-scale tectonic processes shape the
landscape.  
INTRODUCTION
The Earth's land surface exists in a sensitive balance between tectonic forces and
erosional forces.  Erosion is controlled by climate and by the relief of the landscape, and
tectonic processes have a major effect on relief.  Where tectonic uplift and deformation are
absent, erosional processes often predominate.  After a sufficiently long period of time, the
result is a subdued landscape with low elevation and little relief.  Where uplift and
deformation predominate over erosion, elevation and relief increase.  This principle was the
basis of W.M. Davis' Cycle of Erosion, in which he hypothesized that a surge of tectonic
activity creates a landscape with "youthful" characteristics.  Subsequent predominance of
erosional processes reshapes the surface, forming "mature" landscapes, followed eventually
by "old age" landscapes.  Geomorphologists now recognize that Davis' model, with its
mysterious surges of active tectonics, was excessively simplistic.  Tectonic activity is no
longer mysterious, but is explained by the interactions of the Earth's lithospheric plates.
Landforms and landscapes in the different plate-tectonic settings reflect different tectonic
processes at work.  In this exercise, you will look at continental-scale landscapes, and you
will use hypsometry to identify the regional effects of tectonic activity.  
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South America
The South American continent covers
an area of about 18,700,000 km2, including
vast areas of Amazon rainforest and towering
peaks of the Andes Mountains.  Like North
America, the western margin of the continent is
an active plate boundary, while the east coast is
a passive margin.  The western margin of
South America is the world's longest ocean-
continent subduction zone.  Subduction began
in the early Jurassic period (around 200
million years ago).  South America was then
part of the supercontinent, Pangea.  The
m o d e r n A n d e s r e f l e c t s h o r t e n i n g ,
compression, and volcanic activity that resulted
from the subsequent 200 million years of
subduction.  From the Pacific Ocean eastward,
the Andes rise from a narrow coastal plain to
peaks that exceed 6,000 m in elevation.  Along
much of the range's length, the Andes consist
of two distinct mountain chains: the Western
Cordillera and the Eastern Cordillera,
separated by the Altiplano (“high plain”).
East of the Eastern Cordillera is the
Subandean zone, foothills of the Andes that
are up to 2000 m high.  The Subandean zone
is a Pliocene-age belt of folding and thrusting.  
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Figure 12.2.  Cross section through the Peruvian Andes.  (After Cobbing
and Pitcher, 1972).  
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Figure 12.1.  Generalized topography of
South America.  
Figure 12.1 is a highly generalized illustration of the South American landscape.
The cost of small map scale is loss of detail.  The contour lines represent 1000 m steps in
elevation.  The hypsometric data in Table 12.1 is more detailed.  It includes the total area
between 200 m elevation steps.  The last three columns in the table contain variables that are
defined in Figure 12.4 and that you'll use in the next section.  
Table 12.1.  Hypsometry (elevation-area distribution) of South America.
A B C D E F G
from to Area % of a h/H a/A
(m) (m) (1000 km2) total area (1000 km2)
0 200 2658.3 14.2 18679 0.00 1.00
200 400 8631.4 46.2 16021 0.03 0.86
400 600 3002.3 16.1 7390 0.06 0.40
600 800 1105.5 5.9 4387 0.09 0.23
800 1000 897.3 4.8 3282 0.11 0.18
1000 1200 323.1 1.7 2384 0.14 0.13
1200 1400 191.5 1.0 2061 0.17 0.11
1400 1600 206.7 1.1 1870 0.20 0.10
1600 1800 210.9 1.1 1663 0.23 0.09
1800 2000 117.1 0.6 1452 0.26 0.08
2000 2200 115.7 0.6 1335 0.29 0.07
2200 2400 88.3 0.5 1219 0.32 0.07
2400 2600 104.7 0.6 1131 0.34 0.06
2600 2800 131.4 0.7 1026 0.37 0.05
2800 3000 162.5 0.9 895 0.40 0.05
3000 3200 97.6 0.5 733 0.43 0.04
3200 3400 55.1 0.3 635 0.46 0.03
3400 3600 89.9 0.5 580 0.49 0.03
3600 3800 115.9 0.6 490 0.52 0.03
3800 4000 23.8 0.1 374 0.55 0.02
4000 4200 69.8 0.4 350 0.57 0.02
4200 4400 93.8 0.5 280 0.60 0.02
4400 4600 59.3 0.3 187 0.63 0.01
4600 4800 46.4 0.2 127 0.66 0.01
4800 5000 46.7 0.3 81 0.69 0.00
5000 5200 0.0 0.0 34 0.72 0.00
5200 5400 11.7 0.1 34 0.75 0.00
5400 5600 11.1 0.1 23 0.78 0.00
5600 5800 11.4 0.1 11 0.80 0.00
5800 6960 0.0 0.0 0 1.00 0.00
Exercise 12
- 155 -
The simplest way to analyze elevation information such as in Table 12.1 is by using a
histogram, as shown in Figure 12.3 below. 
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Figure 12.3.  Histogram showing distribution of South American land area
at different elevations.  This figure shows one way to graphically
illustrate the data in Table 12.1.  
Figure 12.3 illustrates that a very large portion of South America (over 46%) occurs at
a relatively low elevation, between 200 and 400 m.  At the same time, the distribution also
includes a much smaller proportion of the continent (about 4%) that rises from 3000 m in
elevation to 5800 m and higher.  Examine the two figures and the table on the previous page
and answer the following questions about the topography of South America.  
1)  Looking at the map of South America (Figure 12.1), to what part of the continent does
the sharp peak in the histogram between 200 and 400 m correspond?  
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2)  What does the long "tail" on the right side of the histogram, from about 1200 m to
5800 m, represent?
3)  The highest peak in South America is Mt. Aconcagua in Argentina, with an elevation of
6960 m.  Why does Table 12.1 show no area higher than 5800 m?  Another way to
ask this question is: Would it be useful to extend Figure 12.3 all the way to 7000 m?
The Hypsometric Curve
Quantitative analysis of topography can be done with landscapes at any scale, from
a single drainage basin to the entire planet.  Comparing the results from different areas,
however, can be difficult without some technique for removing the effects of scale.  The
hypsometric curve is a graph of area-altitude distribution that is dimensionless, meaning
that it factors out both the total size of the area being studied and the total amount of relief.
The hypsometric curve is a plot of relative height (h/H) versus relative area (a/A), as
shown in the diagram at the top of the next page.  By dividing the height of a given point
(h) by the total relief (H), the relative height of any point is simply a number between 0.0
and 1.0.  At any given point, the parameter a is a measurement (in km2) of the area that is
higher in elevation than that point.  Standing on the highest mountain peak on a continent,
nothing is higher than you (a=0.0); standing at sea level, all of that continent is higher.  As
was done for height (a=1.0), a is divided by the total area of the landscape (A) to give a
dimensionless value between 0.0 and 1.0.  Using the hypsometric curve, you can compare
different areas in order to study the effects of different bedrock types, different plate-
tectonic settings, or the balance between tectonics and erosion.  
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Figure 12.4.  The relationship between the elevation-frequency distribution
for a landscape (in this case, one drainage basin) and the hypsometric
curve.  The hypsometric curve is constructed by measuring the area (a)
that is higher than any given elevation (h) on the landscape.  
The hypsometric curve of South
America is in Figure 12.5 to the right.  It
shows that the highest peaks (above 1200
m or more) comprise a very small portion
of the continent's total area (the curve
above 1200 m hugs the left side of the
graph).  As shown on the shaded relief
map of South America earlier in this
exercise, the great majority of the continent
lies at elevations lower than 1000 m.
Answer the questions on the following
page.
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Figure 12.5.  Hypsometric curve for
South America.  
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4)  What is the median elevation (in meters) of South America (50% of the continent higher
and 50% lower)?  (Remember that the highest point on the continent is 6960 m)
5)  Use Figure 12.5 to determine what percent of South America is higher than 1740 m.
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A B C D E F G
from to Area % of a h/H a/A
(m) (m) (1000 km2) total area (1000
km2)
0 200 6263 23.71 26,417 0.00 1.00
200 400 7276 20,154
400 600 3924 14.86 12,877 0.06 0.49
600 800 2201 8953
800 1000 1906 7.22 6753 0.13 0.26
1000 1200 1204 4846
1200 1400 575 2.18 3642 0.19 0.14
1400 1600 508 3067
1600 1800 934 3.54 2559 0.26 0.10
1800 2000 757 1625
2000 2200 454 1.72 868 0.32 0.03
2200 2400 196 414
2400 2600 72 0.27 218 0.39 0.01
2600 2800 75 146
2800 3000 50 0.19 71 0.45 0.00
3000 3200 22 22
3200 6194 0 0.00 0 1.0 0.00
Table 12.2.  Hypsometry of North America.  
Figure 12.6.  Generalized topography of
North America.  
North America
The remainder of this exercise will allow you to work with the hypsometric data for
North America, plotting the elevation-frequency distribution and the hypsometric curve.
The elevation information for North America is shown in Table 12.2.  
6)  Your first task will be to calculate the percent of the continent that falls within each
elevation interval (Column D in Table 12.2).  You'll need to note that the total area of
North America is 26,417,000 km2 (26,417 * 1000 km2).  Every second value is
calculated for you.  This kind of laborious calculation is best done on computer, using
a spreadsheet program for example, but for the relatively small number of intervals
used here, a calculator is fine.  
7)  Using the values you just calculated, plot the elevation frequency histogram for North
America.  Go back to the histogram for South America (Figure 12.3), and plot the
North American data on top of it.  
8)  If you plotted your data correctly, you should see that North America lacks the low-
elevation spike and the high elevation tail of the South American distribution.  Why is
that?
9)  In preparation for plotting the hypsometric curve, you will need to calculate the values
for relative height (h/H; Column F) and relative area (a/A; Column G).  When
calculating h/H, you will need to know that the highest point in North America is Mt.
McKinley in Alaska, with an elevation of 6194 m.  To be consistent, use the minimum
elevation (Column A) for h.  As before, every second value already has been
calculated for you.  
10)  Plot the hypsometric curve for North America.  Go back to Figure 12.5 (the hypso-
metric curve for South America), and add the North American data.  Strictly using
W.M. Davis' model of landscape evolution, which continent looks more "youthful"?
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The graph in Figure 12.7 to
the right is a modified hypsometric
curve.  Like the conventional
hypsometric curve, area is plotted as
relative height.  Unlike the
conventional hypsometric curve,
elevation is left in absolute units
(meters).  Curves for Asia, South
America, and North America are
shown.  You can see not only that
Asia has a higher maximum elevation
than North and South America, but
also that a relatively large portion of
the Asian continent lies at high
elevations.  Answer questions 6, 7,
and 8 on the next page:
11)  Most of North America, even areas with high elevations, are not currently undergoing
rapid uplift or mountain-building.  Which graph illustrates this fact better: the
conventional hypsometric curve or the modified curve?  
12)  Look back at the elevation histogram for North America.  You should see a bulge in the
distribution between around 1600 and 2000 m. To what portion of the North
American landscape does this elevation range correspond?
13)  The North American hypsometric curve crosses the South America curve at around
1800 m in elevation and stays above it until around 600 m, meaning that a larger
portion of North America occupies intermediate elevations.  How does this fact reflect
the tectonic history of North America?
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Figure 12.7.  Modified hypsometric curves for
Asia, South America, and North America.
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